Abstract Optimal preconception health (PCH) may improve maternal and infant outcomes, priority issues in Mississippi (MS). Our study objective was to compare the PCH of women in the MS Delta to other regions. We analyzed Behavioral Risk Factor Surveillance System data from 2005, 2007, and 2009, and limited analyses to 171,612 non-pregnant black and white women 18-44 years of age. Region was defined as 14 MS Delta counties (MS Delta), remainder of MS (MS non-Delta), Delta states (LA, AR, TN), and non-Delta US states. We calculated adjusted prevalence ratios (aPR) to assess associations between region and 16 indicators of optimal PCH, controlling for demographic characteristics. Healthy PCH factors such as consuming C5 fruits and vegetables daily and normal body mass index (18.5 kg/m 2 to \25 kg/ m 2 ), respectively, were more prevalent in the MS non-Delta (aPR = 1.3; 95 % CI: 1.0,1.7 and aPR = 1.2; 95 % CI: 1.0,1.4), non-MS Delta (aPR = 1.5; 95 % CI: 1.2,2.0 and aPR = 1.3; 95 % CI: 1.1,1.5) and non-Delta states (aPR = 1.7; 95 % CI: 1.3,2.2 and aPR = 1.4; 95 % CI: 1.2,1.6) compared to the MS Delta. Physical activity levels were higher among non-Delta US states compared to the MS Delta (aPR = 1.3; 95 % CI: 1.1,1.4). Household income and race confounded the associations between region and PCH.
interconception care is to ensure that women enter pregnancy at their optimum health, thereby reducing risk of poor pregnancy and birth outcomes. In addition to the challenges to living a healthy lifestyle faced by the average US woman, MS Delta residents face additional daily challenges associated with poverty, chronic unemployment, limited educational opportunities, extreme rural living, and a health care infrastructure weakened by increasing demand, rising costs, and diminishing resources [1] [2] [3] [4] [5] . Several ongoing programs sponsored by the Mississippi State Department of Health (MSDH), local colleges, and community groups aim to decrease poor birth outcomes in MS by maximizing women's health and the environments in which they live. Comparing preconception health (PCH) measures of MS Delta women with those of women in the rest of MS, other ''Deep South'' Mississippi River Delta states, and the rest of the US may offer insights into areas of service still needed or in need of further adaptation. Therefore, the purpose of this study was to assess geographic disparities in the prevalence of PCH status among reproductive age women in the MS Delta, MS non-Delta, non-MS Delta states, and the remainder of the US. The methodology presented here may be replicated by localities seeking to better understand PCH among high-risk, disadvantaged populations.
Methods
The Behavioral Risk Factor Surveillance System (BRFSS) is a state-based random digit-dialed complex sample telephone survey of adults C18 years of age. Data from the 2005, 2007, and 2009 surveys were used for this cross-sectional study because surveys from these years cover 16 of 17 previously identified BRFSS indicators of optimal PCH [11] . The BRFSS has Centers for Disease Control and Prevention institutional review board approval. For our study's survey years, the percent of sampled households that could be contacted and agreed to participate (response rate) ranged from 50.6 to 52.5 %. Of contacted households, the percent that agreed to participate (cooperation rate) ranged from 72.1 to 75.1 %.
Sixteen dichotomous PCH measures available in odd years of the BRFSS included education, general and mental health, health insurance, annual checkup, tobacco and alcohol use, fruit/vegetable consumption, body mass index (BMI), physical activity, chronic conditions, and influenza vaccine uptake. For our analysis, an indicator of optimal PCH was defined as the category of each measure associated with better PCH (Table 1) . For example, ''excellent, very good or good general health'', as opposed to ''fair or poor general health'', is the indicator of optimal PCH for general health status. The expert group who created the PCH indicators dichotomized BMI into ''not overweight or obese'' (BMI\25 kg/m 2 ) and ''overweight or obese'' (BMI C25 kg/m 2 ) [11] . However, since being underweight (BMI \18.5 kg/m 2 ) may be associated with adverse pregnancy outcomes, we excluded this group of women (n = 4,150, 2.4 %) from analyses on BMI.
Region was defined as 14 MS Delta (MS Delta) counties, the remainder of MS (MS non-Delta), non-MS Delta states (LA, AR, TN-the southern states along the MS River), and non-Delta US states (all other states and District of Columbia, excluding MS, LA, AR, TN). Demographic characteristics assessed in BRFSS and examined as confounders of the association between region and PCH included age, race, marital status, employment status, and annual household income.
We initially examined differences in demographic characteristics between regions using Chi square tests. We then assessed crude and adjusted prevalence ratios (PR) and 95 % confidence intervals (CI) for the associations between region (exposure) and each of 16 indicators of optimal PCH (outcome) separately, using the average marginal predictions approach to logistic regression developed by Bieler et al. [12] . All analyses were conducted with SAS callable SUDAAN [13, 14] to account for the complex sampling design and were weighted to account for differential selection probabilities and survey nonresponse.
In BRFSS data from 2005, 2007, and 2009, MS Delta nonblack and non-white racial minorities constituted less than 4 % of the female reproductive age sample. Therefore, for comparative purposes, we limited all analyses to 171,612 nonpregnant black and white women 18-44 years of age in the four US regions of interest. Of those women, the percent missing values for PCH measures varied from 0.1 % for educational level to 5.3 % for BMI. Of the entire sample of women, 9.2 % were missing values for one or more demographic characteristics, with 98 % of those missing values for the variable income (9.0 % of the total sample). Therefore, sample sizes for multivariable models ranged from n = 145,327 (91.7 % of women with BMI C18.5 kg/m 2 ) to n = 155,748 (90.8 %).
Results
Maternal demographic and socioeconomic characteristics by region are described in Table 2 . The majority of MS Delta women were black (75.3 %); whereas, there were lower percentages of black women in the MS non-Delta (28.1 %), non-MS Delta states (22.8 %), and non-Delta US (14.8 %) (p value \ 0.0001). A lower percentage of women from the MS Delta were married (33.9 %) compared to women from non-Delta MS (52.8 %), non-MS Delta states (60.1 %), and non-Delta U.S. (57.0 %) (p value \ 0.0001). More than half (57.9 %) of women in the MS Delta reported an annual income \ $25,000 compared to 38.3, 29.9 and 20.8 % of women in non-Delta MS, non-MS Delta states, and the nonDelta US, respectively (p value \ 0.0001).
The prevalence of each indicator of optimal PCH is provided in Table 3 . With the exception of ''Had influenza vaccination in past year'', all PCH indicators were significantly different across regions (Chi square p value \ 0.05 for all). PCH indicators with the highest prevalence among women in all regions included having Chigh school education (range: 83-94 %), no heavy drinking (range: 94-97 %), no diabetes (94-98 %), and no asthma (89-92 %). PCH indicators with the lowest prevalence among women in all regions included consuming C5 servings of fruits and vegetables daily (range: 14-25 %), receiving an influenza vaccination (range: 19-24 %), having normal BMI (range: 23-50 %), and meeting recommended levels of physical activity (range: 34-54 %).
In unadjusted analyses, compared to the MS Delta, regions outside of the MS Delta had higher prevalence of up to 10 of the 16 indicators of optimal PCH (Table 3) . After adjustment for demographic characteristics, the prevalence of 5 of these PCH indicators in specific regions remained statistically higher than the MS Delta. Household income and race were the strongest confounders of the associations between region and PCH; low income and black survey respondents reported the lowest prevalence of the five significantly different PCH indicators (data not shown). The prevalence of consuming C5 servings of fruits and vegetables daily and the prevalence of having a normal BMI (18.5 kg/m 2 B BMI \25 kg/m 2 ) remained significantly higher in other regions than in the MS Delta. Women in non-MS Delta states and non-Delta US reported slightly higher prevalence of adequate social and emotional support than MS Delta women. Additionally, women in the non-Delta US states had increased prevalence of meeting the weekly physical activity recommendation and being normotensive compared to women in the MS Delta.
Discussion
Many, if not all, of the preconception health indicators we examined are indicators of good overall health. Improvements in the physical and mental health of women [11] 18-44 years of age, could positively affect their immediate and long-term health as well as the health of any future pregnancy. The main goal of preconception care is to provide health promotion, screening, and interventions for women of reproductive age to increase the likelihood of healthy future pregnancies and birth outcomes. The results of our analysis identify PCH domains for which MS Delta women are falling behind the rest of MS and other US regions, suggesting that MS Delta women may need focused assistance to meet recommended health behaviors [11] . Most notably, MS Delta women had significantly lower prevalence of optimal PCH in the nutrition and physical activity domains, specifically being normal weight, consuming adequate amounts of fruits and vegetables, and achieving recommended levels of physical activity, compared to other regions. Among MS Delta women, approximately a third or fewer had optimal nutrition and physical activity. Dietary intake reflects both individual and community level factors. Low-income households and households led by young-adults in counties adjacent to the Mississippi River in MS, LA, and AR, (collectively referred to as the Lower Mississippi Delta [LMD]) tend to have less healthy diets than black and white adults in the rest of the United States, and to have insufficient grain, fruit, and vegetable intake [15] . These differences are most pronounced for African American households [16] . Barriers to healthy eating in the MS Delta include cultural norms around eating unhealthy foods, cost [17] , and lack of access to fresh produce and healthy foods [18] . A study that included interviews of residents and that evaluated supermarkets, small/medium-sized stores, and convenience stores in the LMD found that limited availability of healthful food and costs influenced purchasing behaviors [18] . Data from the national health and nutrition examination survey (NHANES) III and NHANES 1999-2000 [19] and FOODS 2000 [20] indicated that fruits and vegetables are less available than fats and sweets in the LMD, and cost more per serving in the LMD than in the US overall [21] .
A few studies have identified similarly low levels of physical activity, as well as barriers and facilitators to physical activity, in the MS Delta and other southern states. A community based observational study in Jackson, MS, found that a third of female participants had engaged in no moderate or vigorous leisure-time physical activity in the past year [22] . A qualitative study of diet and physical activity in the MS Delta suggested that interventions designed to balance caloric intake and expenditure by rural, low-income African Americans should highlight healthy eating and physical activity, consider the depressed socioeconomic environment and low self-esteem that characterize the living conditions and psychology of the population, and capitalize on the community pride, geographical identity, and respect for the family unit [23] . A qualitative study of Southern cities identified that barriers to health-protective behaviors such as physical activity included time, work, apathy, and low efficacy [24] . MS Delta women also had lower levels of adequate support compared to other regions. Boothe et.al. [25] hypothesized that achievement of adequate social support may be one way to increase self-efficacy, mitigate maternal stress, and influence overall health behaviors of postpartum women. Targeting the factors related to inadequate social support may improve social support specifically and promote healthy behaviors in other PCH domains.
The prevalence of several indicators of optimal PCH (Cgood general health, Chigh school education, no diabetes, no hypertension, and receiving an influenza vaccination) were lower for MS Delta women, compared to others, in unadjusted analyses, but no longer differed statistically after adjusting for demographic characteristics. Income and race were the strongest confounders of the associations between PCH and region. Socioeconomic challenges and racial disparities faced by black women in the MS Delta may affect their PCH, ability to manage medical conditions, and health seeking behavior [26, 27] .
Black women of lower SES, such as those in the MS Delta, may have lower self-perceived medical needs due to less education [28] . Therefore, programs that improve living conditions, reduce racial disparities, increase health knowledge, and increase overall educational status among women in the MS Delta may also improve their PCH. And, improved PCH may improve disparities in perinatal outcomes.
In addition to differences across regions, we also identified PCH indicators with a low prevalence in all regions. Only 19-25 % of women from any region received an influenza vaccination in the past year. However, 63-74 % of women reported receiving a general check up in the last year. When seasonally appropriate, influenza vaccination should be documented at all clinical appointments and, for women who have not received one, encouraged by their clinicians.
Ongoing programs sponsored by public and non-profit agencies in MS that provide PCH-related and interconception health services can use the results of this analysis to better understand the PCH of the women they serve and to determine areas of need to focus their efforts. Given our study findings, these programs might be well served to evaluate their nutrition, physical activity, and social support assessments and services. The MSDH provides preconception counseling and physical exams (medical history, Pap test, clinical breast exam, height, weight and blood pressure) at little to no cost through the U.S. Department of Health and Human Services, Office of Population Affairs, Title X Family Planning program [29] . While no formal evaluation of PCH services at Title X clinics has been completed in MS, the Family Planning program offers PCH counseling statewide; therefore, Family Planning data can be collected and used to evaluate PCH among program recipients. Additionally, the MSDH, in partnership with the University of Mississippi Medical Center, is piloting an interconception health program for black women from the Delta who delivered an infant weighing \1,500 g. Case management services are offered for 24 months postpartum with goals of improved health (nutritional counseling, infection control), improved life status (vocational training, housing assistance), and achievement of recommended birth spacing of 18-24 months [30] . This intervention will be evaluated at the end of the data collection period in 2013, and if benefit is evident, the protocol will be incorporated into existing or new MSDH services.
Another opportunity to focus on nutrition, physical activity, and social support domains of PCH may exist with home visiting or community based programs like Healthy Start that offer a consortium of neighborhood residents, clients, medical providers, social service agencies, faith representatives, and the business community focused on healthy pregnancy outcomes [31] . Since 2001, Tougaloo College/Delta Health Partners (TC/DHP) have worked to reduce infant mortality among high-risk and underserved residents of seven MS Delta counties (Bolivar, Coahoma, Quitman, Sunflower, Tallahatchie, Tunica and Washington). The partnership offers coordinated, comprehensive health services that include outreach and recruitment, case management, health education and training, interconception care, and screening and referral for depression and other risk factors [32] .
A nutrition-specific intervention introduced in the MS Delta in 2009 is the Delta Health Alliance's Body and Soul program. This program is an adaptation from an evaluated effective church-based diet intervention from the National Cancer Institute to meaningfully increase fruit and vegetable consumption among participants [33] .
Currently, partnerships exist between the MSDH's Office of Chronic Disease Prevention and community organizations (e.g., churches, mayors, city councils) to offer health education regarding diet and exercise for chronic disease prevention and management [34] . Additionally, the MSDH Office of Preventive health offers the Stanford University Chronic Disease Self-Management program to the public -a 6-week step-by-step workshop to help guide those who live with a chronic condition [35] . Reproductive aged women have not been a specific target population for these programs, but the prevalence of overweight and obesity, hypertension, asthma, and diabetes among reproductive aged women found in our study suggests a need to expand these services to reproductive aged women. MSDH family planning, the special supplemental nutrition program for women, infants and children (WIC), MSDH Office of Tobacco Control, and other existing public health programs providing services to a large percentage of women of reproductive age could be used as gateways to specific programs like these to improve nutrition, physical activity, social support, and chronic disease management [36] .
Determining baseline levels of PCH, examining changes over time, and evaluating the effectiveness of specific PCH programs in the MS Delta can help ensure resources are devoted to the most promising programs and that MS Delta women receive services that ultimately improve their health and the health of future pregnancies.
Strengths of this analysis include the ability to evaluate region specific data by using BRFSS county codes and the large sample size for all regions. This report also has some limitations. Approximately 10 % of the women in the sample were missing data on PCH outcomes or demographic characteristics, with the majority missing information on income. To assess the potential for bias from missing data on income, we compared crude PR estimates for PCH outcomes with and without exclusion of women with missing values for income. The crude PR estimates did not change substantially; therefore, excluding women with missing data on income from the multivariable models likely had little effect on adjusted estimates. Additionally, it is possible that a survey respondent had recently relocated into any of the regions; if so, their preconception health indicators would likely reflect their previous residency region and not the region of current residence. However, any misclassification of exposure would likely drive results toward the null, and, overall, the MS Delta is experiencing population emigration rather than immigration [5] .
Conclusions
Reproductive aged women in the MS Delta had poorer PCH than black and white women in the MS non-Delta, non-MS Delta states, and the remainder of the US, including indicators of nutrition, BMI, physical activity, social and emotional support, and hypertension. MS Delta service providers and public health programs can use these findings to implement or enhance lifestyle, nutrition, and physical activity interventions. Programs focusing on education, income and racial disparities may also improve PCH in the MS Delta. Further research is recommended to delineate the components of region that influence PCH.
